PURPOSE: Heart rate variability leads affective changes, which are associated with athletic performance. This study aimed to examine the relationship between heart rate variability, athletic flow, and shooting performance in wheelchair shooting athletes.
INTRODUCTION
Among many psychophysiological changes of the human body, analysis of heart rate variability (HRV) has gained attention with regard to its relation with athletic performance [1] . HRV reflects the ability of the heart to respond and change in reaction to unexpected stimuli and environmental changes, and it evaluates the autonomic nervous system responsible for the regulation of cardiac activity [2] . As certain frequencies of heart rate (HR) are reportedly associated with and influence both the sympathetic and parasympathetic branches of the autonomic nervous system, HR is used to evaluate the activation of the systems [3] .
HRV is measured in various parameters. In particular, HRV is ana-lyzed in the time domain, which reflects the RR interval, and in the frequency domain, which indicates the activity of the autonomic nervous system. For instance, the standard deviation of RR interval (SDNN) and the root mean square of successive differences (RMSSD), or the square root of the average of the squares of successive differences between adjacent NNs, are typical time domain parameters. For the frequency domain, spectrum analysis is used to analyze high frequency (HF, 0.15-0.4 Hz), low frequency (LF, 0.04-0.15 Hz), and very low frequency (VLF, 0.003-0.04 Hz) bands as well as the ratio between LF and HF (LF/HF).
An individual's HRV is analyzed through such measurements to evaluate their psychophysiological changes. The time domain method involves the mathematical calculation of changes in RR intervals, or the Vol. 28, No.4, November 2019: 339-345 intervals between heart beats. In particular, SDNN indicates the overall activity of the autonomic nervous system, with higher SDNN indicating higher resilience against stress and healthier status. RMSSD points to the activity of the parasympathetic nervous system; higher RMSSD indicates better cardiac stability [3] . In frequency domain methods employing spectrum analysis of each frequency band of cardiac activity, VLF and LF manifest the sympathetic and parasympathetic nervous systems, but mostly the activity of the sympathetic nervous system. Increases in LF demonstrate decreases in HRV and increases in anxiety and stress [1, 3] . HF is regulated through the activity of the parasympathetic nervous system, and its increase reflects increases in HRV. In contrast, decreases in HF are associated with emotions related to stress, including anxiety and worry. LF/HF shows the overall balance of the autonomic nervous system. A high LF/HF signals that the sympathetic nervous system is relatively more active or that the parasympathetic nervous system is suppressed. When the sympathetic nervous system is relatively more activated, as in situations involving high arousal from anxiety or tension, the LF/HF ratio increases [1, 3] . When the parasympathetic nervous system is relatively more activated, as in situations involving low arousal from helplessness or depression, the LF/HF ratio decreases [1, 3] . The autonomic nervous system is activated to respond to any changes in the environment and tasks, such as competition; its activation causes psychological and physical tension, as well as the resulting increase in HR. Such psychological arousal is associated with decreased parasympathetic activity and increased sympathetic activity, and this interaction causes changes in cardiac activity as well as emotional changes [4, 5] . A high HRV indicates the ability of the autonomic nervous system to respond actively to stressful situations, and psychological relaxation reportedly increases when HRV is high [6, 7] . Ortega & Wang [8] reported that HRV can be an objective tool to quantify the subjective psychological states experienced by athletes participating in competitions as it is an indicator of emotional responses in sports science. They measured HRV, self-efficacy, mental skills, and shooting scores in 61 shooting athletes and tested the relation between these variables. Their analysis was conducted for three groups: beginner, intermediate, and advanced shooting athletes. HRV, self-efficacy, mental skills, and predicted scores were documented while the participants were at rest prior to the start of preliminary rounds. HRV had a significant correlation with self-efficacy and also significantly predicted shooting scores. In a regression model predicting shooting scores, HRV was the only significant variable. SDNN of advanced shooting athletes was higher than that of the other two groups, and advanced shooting athletes also had significantly lower HR. Moreover, advanced shooting athletes were reported to have used more selftalk and relaxation. As suggested by Ortega & Wang [8] , HRV would serve as a snapshot of the pre-competition psychological states of athletes. The present study aimed to observe changes in HRV before and during competition along with flow experience.
Flow, which was first proposed by Csikszentmihalyi [9] , refers to a psychological state where an individual deeply focuses on a behavior and forgets their senses of time, space, and self. Flow is studied as a predictor of successful athletic performance [10] . As for sport performance, it is defined as the optimal moment at which an athlete's mind and body unite during practice or competition [11, 12] . Research on flow has begun to connect physiological responses and subjective flow experience. The studies exploring the relationship between flow and physiological responses, such as sympathetic and parasympathetic activities, and stress responses during motor and cognitive tasks [13, 17] . For example, Peifer and colleagues [17] measured HRV, flow, salivary cortisol, and stress from twenty-two college students while they were performing a computer simulation game for 60 minutes. They found a positive linear relationship between HF-HRV (parasympathetic nervous system) and flow experi- 
METHODS

Participants
Ten wheelchair shooting elite athletes participated in the study, and all they had experience playing in a National Team. Values obtained from HR monitor are sometimes abnormal because HRV measures are sensitive in responding to environmental demands. The criteria by Nunan er al. [18] was used to validate the obtained data. Abnormal data were identified and discarded.
Only data from eight athletes' data was used for analysis. Five were male and three were female athletes aging from 31 to 56 years. Their average career as a shooting athlete was thirteen years with 7.02 of standard deviation.
Procedures
After obtaining approval from the Institutional Review Board, we contacted a team with interest in participation and recruited athletes who wished the participation. Precautions were explained to the athletes, and their consent was subsequently obtained. The athletes were first asked to rest and to wear a Polar HR belt (Polar-R5800) on their chest. They gave verbal confirmations that they experienced no discomfort, and connectivity with a Polar watch enabling real-time monitoring was confirmed.
After all of the instruments were ready, the participants' HR and HRV were measured via the Polar HR belt at rest for five minutes followed by the practice shooting for 15 minutes to calibrate shooting. Then, the athletes should make 60 shots in 1 hour and 15 minutes. Since ten shots comprised one series, HRV and flow experience were measured separately for the six series. A research assistant behind the participants manipulated the Polar watch to measure HRV and separate each series during the shooting, and verbally asked their flow experience after each series while being careful not to interfere with their performance.
Instruments 1) HRV
To measure the participants' HR and HRV, Polar-R5800 was used, which non-invasively collects HR information through EKG sensors at a sampling rate of 1,000 Hz. The R-R interval data measured through Polar-R5800 was transferred to Polar ProTrainer 5, a computer program developed by Polar, to save data for HR and HRV. HR and HRV data collected through Polar are reliable and valid and are being used in many studies [19] . HRV was analyzed in the time and frequency domains. In the time domain, RMSSD, SDNN and in the frequency domain, LF, HF, and LF/HF. LF were used for HRV parameters.
2) Flow
To measure the athletes' perceived flow experience, the Flow Short Scale developed by Engeser & Rheinberg [20] was revised to make it more applicable for shooting athletes and it consisted of the following four questions: 1) I experienced flow in this series between aiming and firing. 2) All of my movements during the series were natural. 3) I was able to focus well during this series. 4) I felt that I was able to control all of my movements during this series. An 11-point Likert scale (0: Completely disagree to 5: Neutral to 10: Completely agree) was used. Table 1 describes the mean and internal consistency of the questionnaire. The mean scores of the questions ranged between 6.40 and 7.15, and the internal consistency represented by Cronbach's α was .858, which is similar to the original scale's internal consistency (.87). Electronic shooting target was used to confirm the score and the number of firings in real time. The maximum score was 10, but there were additional decimal scores (e.g., 10.9). The score for each shot was recorded electronically, and the mean score of 10 shots from each series was used ( Table 2 ).
Statistical Analysis
The data were collected on Excel where abnormal data was deleted by Nunan, Sandercock, and Brodie' normal range of HRV [18] . 
RESULTS
Difference in HRV during rest, practice shooting, and actual shotting
The descriptive statistics of HRV are presented in Table 3 . Table 4 shows the statistical differences in HRV during rest, practice and actual shooting.
The repeated measures ANOVA of the average HR was statistically signifi-cant, F (2, 7) =3.925, which effect size (partial η 2 ) was .38. Post-hoc analyses revealed that the average HR at rest was significantly larger than that during practice shooting (p =.04, CI 95%: 1.87-58.12). Another significant difference was found in LF/HF, F (2, 7) = 6.200, which effect size (partial η 2 ) was .47. Post-hoc analyses revealed that LF/HF at rest was significantly less than that during practice shooting (p =.03, CI 95%: -349.84~-22.80) and that during actual shooting (p =.02, CI 95%: -420.58~-46.43).
Relationship among shooting score, HRV, and flow
Figures, Tables, and Schemes
A hierarchical regression analysis was used to test linear and curvilin- = β0+β1x1+e) , only the raw scores of the predictor variable were entered. In block 2 (y = β0+β1x1+β2x 2 1+e), squares of the predictor variable were additionally entered to test for goodness of fit of the model as well as the statistical significance of each coefficient (β1 and β2).
To see the predictability of HRV for shooting performance, HRV was set as the predictor variable (x), and shooting score was used as the outcome variable (y). The linear and curvilinear relations between HRV and shooting score were both non-significant (Table 5 ). And the relations between HRV and flow were not found ( Table 6 ). Those results indicated that changes in HRV during shooting were not associated with changes in shooting performance and flow experience.
However, a significant relationship was found in flow and shooting performance. Although both the linear and curvilinear models were sig-nificant, the change in R 2 from model 1 to 2 was very small (Table 6) .
Thus, flow linearly predicted shooting performance, and the regression coefficient was .57.
DISCUSSION
This study explored the HRV, flow experience, and shooting performance before and during shooting of wheelchair shooting athletes. Differences in HRV in different settings were tested at rest, during practice and actual shooting. Hierarchical regression analyses were conducted to analyze linear and non-linear (curvilinear) relationships.
Regarding HRV under different conditions, the average HR was higher at rest as compared to the average HR during practice and actual Vol. 28, No.4, November 2019: 339-345 shooting. Although the average HR increases under physical or psychological workload in general [22] , the observed difference in the average HR of shooting athletes is interesting. Shooting involves much higher mental stress. Moreover, since very small physical movements may hinder their performance, athletes try to control physiological responses, such as breathing and heart beating. The average HR at rest was higher than actual shooting as shown in our data. More interestingly, changes in HRV (LF/HF) were found across three different conditions in this study. The LF/HF during shooting was statistically higher than at rest, which indicates that the sympathetic nervous system is relatively more active or that the parasympathetic nervous system is suppressed. When the sympathetic nervous system is relatively more activated, the LF/HF ratio increases, which is lined to higher anxiety and psychological tension [3] . This result may suggest that para-and sympathetic nervous system represented by HF and LF in HRV deliver a more meaning source than the time interval of heart beating (i.e., HR) to consider mental arousal when assuming the actual shooting generate more stress in our body. Similar results about the relationship between LF/HF and mental stress were found in other studies. Morales et al. [23] reported higher LF, LF/HF, cognitive anxiety, and physical anxiety of Judo athletes during official competitions than during unofficial competitions. Blásquez et al.
[ 24] also reported that LF/HF increases in swimmers during competition compared with during practice. Similarly, decrease in HF among volleyball athletes was observed when a competition was approaching [25] . A competition involves mental workload and stress. Such increased stress involves a transition from sympathetic nervous system activities to vagus nerve activities in the parasympathetic nervous system, which leads to decreased HF and increased LF/HF [26] .
The predictability of HRV has been reported for motor performance [27] [28] [29] . The present work also explored how changes in HRV are related to flow experience and shooting performance. Only flow was a significant predictor for shooting performance. HRV did not show any relationship with shooting performance and flow, which is unexpected.
Ortega & Wang [8] found that SDNN among HRV parameters, self-efficacy, and mental skills positively predicted shooting performance. Moreover et al. [28] reported that the parasympathetic nervous system, and mental coping capabilities positively predicted dart throwing performance. As such, attention to the relationship between HRV and athletic performance is growing in recent years.
An important point of this study is to test a non-linear relation (i.e., inverted U relation) between HRV, flow, and shooting performance as suggested by Abraham & Ledolter [21] . Unfortunately, none of non-linear relationship was found in this study. However, in a computer-based cognitive task, LF had an Inverted-U relation with flow, whereas HF has a positive linear relation with flow [17] . Manzano et al. [15] reported that increases in flow were associated with increases in overall HRV and LF/ HF. Like this study, Peifer et al. [17] and Manzano et al. [15] also were unsuccessful to see the significant relationship between HRV and task performance, but they nonetheless suggested the possibility of research on activation of the sympathetic-parasympathetic nervous systems and their relations with mental flow.
A limitation of this study is on the number of samples. There may be a disadvantage in validating the statistical results from small sample size.
Measuring heart rate could be another limitation. We set up the stable environment as much as possible; however measurement error might be involved in our data. The following study should consider those limitation to help validating research outcome. It is unfortunate not to find out any significant relationship between HRV, flow and performance.
We only found out the significant change in HRV due to the conditions, and the linear prediction of flow to performance. This study could be limited in interpreting the result, however this study guides a new approach to deal with mental and physiological state and performance at the same time. This study has contributed to the growing body on HRV and elite athletic performance. In particular, individual zone of optimal functioning model [30] seeks to quantify the emotional status of an individual, and identify his or her optimal zone for peak performance. The frame of HRV study could be integrated in finding optimal zone of individual performance. The HRV parameter of an individual could be used to identify the zone for peak performance. In addition to the theoretical development, this study may contribute to developing a device measuring mental state by physiological parameters such as HRV in relation to human performance [31] .
